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Abstract 
Purpose 

To offer a type of oxidation-resistant palladium powder, a 
manufacturing method thereof, an electrically conductive thick 
film paste in which this powder is used and a laminated ceramic 
capacitor. 

Configuration 

A type of oxidation-resistant palladium powder that contains 
at least 0.005 wt* of alkaline-earth metals. A method, in which 
palladium solution containing alkaline-earth metals is sprayed, 
whereupon it is fired and palladium powder is manufactured. A 
paste made up of this powder and a vehicle. A capacitor obtained 
by stacking and firing green sheets with patterns printed using 
this paste. 

Claims 

1. A type of oxidation-resistant palladium powder, which is 
characterized in that it contains one or more kinds of 
alkaline-earth metal elements totaling at least 0.005 wt*. 

2. A type of oxidation-resistant palladium powder as in 
Claim l, in which the content of the alkaline-earth metals is 
0.005-0.1 wt%. 



3. A type of oxidation-resistant palladium powder as in 
Claim 1 or 2, in which the alkaline-earth metals are one or more 
kinds of metals selected from Mg, ca, Sr and Ba. 

4. A type of electrically conductive thick film paste, in 
which the oxidation-resistant palladium powder of any of 
Claims 1-3 is used as an electrically conductive component and 
which consists of said electrically conductive powder and a 
vehicle. 

5. A laminated ceramic capacitor with inner electrodes that 
is molded by stacking up and firing green sheets on which 
electrode patterns are printed using the electrically conductive 
thick film paste of Claim 4. 

6. A method for manufacturing the palladium powder of 
Claim 1, which is characterized in that spray made up of drops of 
a palladium salt solution containing one or more kinds of 
alkaline-earth metal elements is heated up to l,000°c or higher. 

Detailed explanation of the invention 

[0001] 

Industrial application field 

This invention is related to a type of novel palladium 
(designated as Pd for short below) powder, particularly, to a 
type of Pd powder containing alkaline-earth metal elements that 
is useful as an electrically conductive component of a thick film 
paste, to a type of electrically conductive thick film paste in 
which it is used, as well as to a laminated ceramic capacitor 



with internal electrodes that is formed by using it, and 
furthermore , to a method of manufacturing Pd powder containing a 
specific amount of alkaline-earth metal elements. 

[0002] 

Prior art 

Because firing was conducted at a high temperature of 
1,000°C or lore, Pd was often used for the inner electrodes of 
laminated ceramic capacitors. Incidentally , Pd powder has a 
certain property, owing to which swelling due to oxidation starts 
from around 500 °C, which is before ordinary ceramics are 
sintered, then, at about 800 °C, the oxidation ratio peaks, after 
which rapid reduction takes place, and at 850°C the oxide returns 
to the original Pd. In particular, in fine Pd powder, the 
oxidation activity is higher, and it tends to become almost 100% 
oxidized. De lamination, cracking, and other structural defects 
were once caused by the oxidation and reduction of these inner 
electrodes. In order to prevent this, attempts were made to 
increase the particle diameter of the Pd powder, to carry out a 
surface treatment, to add various additives, and so on. Also, 
there was an attempt to absorb the swelling of Pd due to 
oxidation in the electrically conductive film by leaving 
appropriate gaps between the Pd particles; however, in this 
method there were defects such as the fact that the swelling was 
not sufficiently absorbed, the electrode density was decreased, 
and thin films could not be used. Moreover, because in recent 
years, following the demand for capacitors of higher capacity, a 



6 



high degree of lamination has been achieved by making dielectric 
layers and electrode layers thinner, it has become increasingly 
more difficult to correct the above-mentioned defects, especially 
cracking, by means of conventional methods, 

[0003] 

Problems to be solved by the invention 

The purpose of this invention is to suppress delamination 
and cracking based on decreasing the maximum oxidation ratio of 
Pd powder during firing to 80% or less, preferably to 60% or 
less, and preventing swelling caused by oxidation. 

[0004] 

Means to solve the problems 

This invention is related to: 

"1. A type of oxidation-resistant palladium powder, which is 
characterized in that it contains one or more kinds of 
alkaline-earth metal elements totaling at least 0.005 wt%. 

2. A type of oxidation-resistant palladium powder of 
paragraph 1, in which the content of the alkaline-earth metals is 
0,005-0.1 wt%. 

3. A type of oxidation-resistant palladium powder of 
paragraph 1 or 2, in which the alkaline-earth metals are one or 
more kinds of metals selected from Mg, Ca, Sr and Ba. 



4. A type of electrically conductive thick film paste, in 
which the oxidation-resistant palladium powder of any of 
paragraphs 1-3 is used as an electrically conductive component 
and which consists of -said electrically conductive powder and a 
vehicle. 

5. A laminated ceramic capacitor with inner electrodes that 
is molded by stacking up and firing green sheets on which 
electrode patterns are printed using the electrically conductive 
thick film paste of Paragraph 4. 

6. A method for manufacturing the palladium powder of 
paragraph 1, which is characterized in that a spray made up of 
drops of a palladium salt solution containing one, two, or more 
kinds of alkaline-earth metal elements is heated up to 1,000°C or 
higher." 

[0005] 

Function 

Because alkaline-earth metals are seen as impurities for Pd, 
mixing such metals with Pd was unimaginable in the field of 
electric conductors. The Pd powder of this invention, into which 
0.005-0.1 wt% of alkaline-earth metals is compounded, is a 
completely novel powder that has a greater resistance to acids 
and forms novel electrically conductive films that exhibit 
smaller swelling on oxidation due to sintering. The reason that 
the maximum oxidation ratio decreases because the powder contains 
over 0.005 wt% or more of alkaline-earth metal elements is still 
unclear, but the authors of this invention believe that these 
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elements exert influence upon the crystalline structure of the Pd 
powder or upon the structure of the Pd oxidizing zone on the 
surface. 

[0006] 

As will become clear from the comparative examples described 
below, approximately 0.0008 wt% (8 ppm) of alkaline-earth metal 
is contained as an impurity in the used pure Pd; however, such Pd 
as typical pure Pd has a property such that during firing, as was 
described above, oxidative swelling begins at approximately 
500°C, and at approximately 800°C its oxidation ratio reaches a 
peak. If it is a fine powder, oxidation reaches 100%, and the 
expansion of the grains is very conspicuous. 

[0007] 

Thus, when the content of alkaline-earth metals is 0.005 wt% 
or less, the oxidation ratio during firing does not become 80% or 
less. As for the upper limit, there are no particular 
limitations, but even if the content is greater than 0.1 wt%, the 
maximum oxidation ratio does not drop below 25%. Also, because 
the representative components of MLC [expansion unknown; 
possibly, metal-laminated ceramics] are alkaline-earth metals and 
titanium perovskite structures, when too much alkaline metal is 
added, there is a risk that the perovskite structures will be 
destroyed, which is not desirable. In order to keep the maximum 
oxidation ratio within the range of 25-60% without influencing 
the characteristics of the capacitor, an addition within the 
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range of 0.01-0.1 vt% is preferable, and Mg, Ca, Sr and Ba are 
desirable as the alkaline -earth metals. 

[0008] 

As for the methods for manufacturing Pd powder containing 
alkaline-earth metals, they may be wet reduction, atomization, 
evaporation, spray pyro lysis and other methods; however, spray 
pyrolysis is the most suitable method for introducing 
alkaline-earth metals with good reproducibility into monodisperse 
particles with a particle diameter of around 1 pm. The 
temperature at which spray pyrolysis takes place is higher than 
the temperature of decomposition of palladium salts. It is good 
if it is higher than the temperature for the reduction of 
palladium oxide, preferably over 1,000°C. 

[0009] 

Besides this, there are no particular restrictions 
concerning Pd salts; they may be nitrates, sulfates, chlorides, 
etc. The Pd powder of this invention is a type of powder in 
which at least 0.005 wt% of alkaline-earth metal is dissolved in 
the form of the metal or as an oxide in Pd, creating a solid 
solution. 
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[0010] 

Application examples 

Application Example 1 

0.89 g of calcium nitrate tetrahydrate was added to 3,300 g 
of an aqueous solution obtained by dissolving 1 mol of palladium 
nitrate in 1 L of water, and a palladium salt solution that 
contained 0*05 vt% of calcium relative to Pd was thus prepared. 
Next, a spray obtained by atomizing this solution with an 
ultrasonic atomizer was passed through an electric oven heated to 
l / 600°C, and Pd powder with an average particle diameter of 
0.6 im was obtained* When this Pd powder was analyzed using an 
ICP photoemission analyzer, 0.038 wt% of calcium was detected. 
When gravimetric changes up to l,000°C were studied using a 
thermogravimetric analyzer, it was discovered that the maximum 
oxidation weight increase ratio of 4.3% was at 790°C. This 
corresponds to the weight increase that takes place when Pd is 
28.6% oxidized. 

[0011] 

Application Examples 2-7 

With the exception of the fact that the amount of calcium 
added to the Pd salt solution was made to be 0.005, 0.01, 0.02, 
0.03, 0.075, 0.10 and 0.20 wt% relative to Pd, respectively, Pd 
powder was manufactured in the same manner as in Application 
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Example 1. The amount of Ca contained in the Pd powder, the 
maximum oxidation weight increase ratio and the palladium 
oxidation ratio obtained at this time are shown in Table I. in 
Table I, in [Application] Example 2, in which the amount of ca 
produced increased as compared with the amount of Ca added , this 
was caused by the presence of 0.0009 wt% (9 ppm) of Ca in the 
form of impurities in the pure Pd that was used. As for 
[Application] Examples 3-8, in which the amount decreased, the 
amount of Ca contained became smaller than the amount added 
because a portion of the Ca that was added did not form a solid 
solution with the Pd powder and was not contained therein. 



[0012] 

Table I 





Application Example* 


Comparative Exaxqplea | 




2 


3 


4 


5 


6 


7 


t 


1 


2 


• 


Amm* of Ca added 
(wt% rtitiWe to W) 


0.005 


0.01 


0.02 


0.03 


0.075 


0.10 


0.20 


0 


0.002 


0.004 


Afltoufllof CainFd 
powder (wi%) 


0.0059 


0.0095 


0.0165 


0.023 


0.040 


0.075 


0.160 


0.0008 


0.0016 


0.0038 


weight vactiAae ratio (%) 


10.1 


9.0 


8.6 


7.9 


4J 


4.0 


4.0 


13.6 


13^ 


13.0 


Wwridatk» ratio (*) 


67^ 


59.9 


57.2 


52.6 


28.6 


26.6 


26.6 


90.5 


874 


86.5 | 
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[0013] 

Comparative Example 1 

Palladium nitrate to which Ca had not been added was used to 
manufacture a powder in the same manner as in Application 
Example 1. The amount of Ca contained in the Pd powder as well 
as the maximum oxidation weight increase ratio and Pd oxidation 
ratio obtained at this time are shown in Table I. The Pd was not 
100% oxidized, which is thought to be due to the fact that a 
powder with relatively good crystalline properties was obtained 
because it was manufactured by using the spray pyrolysis method . 
Table I shows that no Ca was mixed therein, but 0.0008 wt% 
(8 ppm) of Ca was contained as impurities in the pure Pd that 
served as the raw material. 

[0014] 

Comparative Example 2 

With the exception of the fact that the amount of Ca added 
was set to 0.002 wt% # Pd powder was obtained in the same manner 
as in Application Example 1. As shown in Table I, the Pd 
oxidation ratio was 87. 8% , and the maximum oxidation weight 
increase ratio was 13.2%, which shows extremely large values. 
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[0015] 

Comparative Example 3 

With the exception of the fact that the amount of Ca added 
was set to 0*004 wt%, Pd powder was obtained in the same manner 
as in Application Example 1. As shown in Table X, the Pd 
oxidation ratio was 86,5%, and the maximum oxidation weight 
increase ratio was 13.0%, which are extremely large values. 

[0016] 

Application Examples 9-lfi 

With the exception of the fact that magnesium, strontium and 
barium nitrates were used instead of calcium nitrate, Pd powder 

obtained in the same manner as in Application Example 1. The 
results are shown in Table II. 
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[0017] 

Table H 











Appficati 


oq Example 






9 


10 


1! 


12 


13 


14 


15 


16 


17 




BM added 




Sr 




Aoourtaddad/wt* 
xalatfotoN 


0.006 


0.05 


0.01 


0.03 


0.0S 


0.075 


0.01 


0.031 


0.05 


0.1 | 


Amount of ekmcot ia 


0.0055 


0.(02 


0.008 


0.025 


0.039 


0.057 


0.0095 


0.023 


0.038 


0.074 1 


Maximum OTadatioa 
weight bereave . 

-sa 


11.2 


8.6 


UJ 


10.7 


8.0 


5.4 


10.6 


9J 


6.2 


4.1 


| Pd oridrioa ntk> (%) 


74J 


57.2 


75.1 


71 J. 


53.2 


35.9 


70J 


61.9 


41J 


27J | 



[0018] 

Application Examples 19 and 20 

With the exception of the fact that the amount of Mg, Sr and 
Ba relative to Pd was set to 0.015 vt% and 0.02 vt%, 
respectively, Pd powder was manufactured in the same manner as in 
Application Example 1. The results are shown in Table III. 
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[0019] 

Table m 





Application Example* 


19 


20 


Amount of elements added (wt% 
relative to Pd) 


0.015 


0.020 


Amount of each element in Pd 
powder (wt%) 


Ca-0.013 
B*- 0.011 
Sr-0.014 


Ca-0.018 
Ba-0.016 
Sr-0.018 


Maximum oxidation weight increase 
ratio (%) 


7.5 


4.1 


| Pd oxidation ratio (%) 


57.6 


27.3 



[0020] 

The reason for the fact that the amount of alkaline-earth 
metals added as shown in the table does not match the amount 
contained in the Pd powder is the same as explained for 
Application Examples 2-7. 

[0021] 

Application Example 23, 

With the exception of the fact that the temperature of the 
electric oven was made l # 200°C, Pd powder was manufactured in the 
same manner as in Application Example 1, A type of powder was 
obtained in which the average particle diameter was 0.8 the 
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Ca content in Pd was 0.035 wt%, the maximum oxidation weight 
increase ratio was 6.8%, and the Pd oxidation ratio was 45.2%. 

[0022] 

Application Example 22 and comparative examples Tsicl 

A paste for making the inner electrodes in a laminated 
ceramic capacitor was prepared by adding 100 parts by weight of 
ethyl cellulose and solvent to 100 parts by weight of the Pd 
powder obtained in Application Examples 1-21 and Comparative 
Examples 1-3. When its viscosity was measured using a Brookfield 
HBT viscosimeter, it was discovered that a type of stable paste 
with a viscosity of 50 ± 5 P at 100 rotations [sic; rpm] was 
obtained. 

[0023] 

Application Example 23 and comparative examples 

After screen printing was carried out the paste of 
Application Example 22 on green ceramic sheets, the main 
component of which was palladium titanate powder, they were dried 
at 150 °c. 60 layers of sheets were pressed together, whereupon 
they were kept at l,350«C for two hours, and then, by firing them 
for 13 h, 30 laminated ceramic capacitors were obtained. The 
outer appearance and cross sections of these 30 capacitors were 
studied to find out whether there were any cracks and 
delamination. The number of unsatisfactory samples is shown in 
Table IV, 



17 



[0024] 

Table IV 



1 Powder used 


Cracking defects 


Delamination defects | 


(j Application Example 1 


0 


0 


Application Example 2 


1 


.2 


Application Example 3 


0 


0 


Application Example 4 


0 


0 


Application Example 5 


0 


0 


Application Example 6 


0 


0 


Application Example 7 


0 


0 


Application Example 8 


0 


0 


Application Example 9 


2 


1 


Application Example 10 


0 


0 


Application Example 1 1 


1 


1 


jj Application Example 12 


0 


1 


Application Example 13 


0 


0 


Application Example 14 


0 


0 


Application Example 15 


1 


1 


Application Example 16 


0 


1 


Application Example 17 


0 


0 


Application Example 18 


0 


0 


Application Example 19 


0 


0 


Application Example 20 


0 


0 


Application Example 21 


0 


0 


Comparative Example 1 


30 


28 


Comparative Example 2 


30 j 


29 


Comparative Example 3 


22 


21 



18 



[0025] 

As can be seen v f rom this Table IV, when the Pd powder of 
Comparative Example 1, in which the content of alkaline-earth 
metals was 0.0008 wt%, the powder of Comparative Example 2, in 
which it was 0.0016 wt%, and the powder of comparative Example 3, 
in which it was 0.0038 wt%, were used, cracks and delamination 
were generated. The effect that the generation of cracks was 
prevented and delamination could be averted by increasing the 
content of alkaline-earth metals to 0.005 wt% or higher was 
evident. 

[0026] 

Effects of the invention 

As can be seen from the application examples, by using a 
type of Pd powder that contains 0.005.wt% or more of 
alkaline-earth metal elements, it was possible to manufacture 
laminated ceramic capacitors with very few structural defects, 
such as cracks and delamination. Also, spherical monodisperse 
particles were obtained by heating the spray to 1,000°C under the 
spray pyrolysis method, and dense and thin electrode films could 
be prepared such that by stacking a large number of them it was 
possible to manufacture miniature capacitors of large capacity. 
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